Evolutionarily conserved diurnal circadian mechanisms maintain oscillating patterns of gene expression based on the day-night cycle. Xiphophorus fish have been used to evaluate transcriptional responses after exposure to various light sources and it was determined that each source incites distinct genetic responses in skin tissue. However, basal expression levels of genes that show oscillating expression patterns in day-night cycle, may affect the outcomes of such experiments, since basal gene expression levels at each point in the circadian path may influence the profile of identified light responsive genes. Lack of knowledge regarding diurnal fluctuations in basal gene expression patterns may confound the understanding of genetic responses to external stimuli (e.g., light) since the dynamic nature of gene expression implies animals subjected to stimuli at different times may be at very different stages within the continuum of genetic homeostasis. We assessed basal gene expression changes over a 24-hour period in 200 select Xiphophorus gene targets known to transcriptionally respond to various types of light exposure.
Introduction
The diurnal or circadian cycle has been shown to affect the physiology of all organisms where it has been studied (Panda et al., 2002a) . These physiological changes are coincide with oscillating gene expression patterns that are coordinated to adapt cellular activity to periods of activity and inactivity. The core mechanisms that lead to endogenous circadian oscillation of gene expression involve a transcription-translation feedback loop controlled by transcription factors CLOCK and brain and muscle ARNT-like protein 1 (BMAL), and their antagonistic transcriptional targets Cryptochrome (CRY) and Period (PER). CRY and PER serve as repressors of CLOCK and BMAL transactivation activity (Mohawk et al., 2012) . Oscillating expression patterns of these circadian regulators can be entrained by external environmental cues, such as alteration in light periods, feeding patterns, or changes in temperature (Raible et al., 2017; Migaud et al., 2010; Carr et al., 2006; Rensing and Ruoff, 2002) .
Teleost fish represent useful vertebrate model systems to investigate circadian gene expression. The diversity of physiological adaptations to extremely varied environments allows exploration of the plasticity in patterns of basal gene expression. Circadian cycle regulator genes have been characterized in several teleost fish species, including zebrafish, medaka, flounder, amberjack, sea bass and blind cavefish (Beale et al., 2013; Cavallari et al., 2011; Cuesta et al., 2014; Sanchez et al., 2010; Toyama et al., 2009; Wang, 2008; Watanabe et al., 2012) . Comparative genetic analyses among fish models have identified different regulatory mechanisms associated with basal gene expression. For example, cave-dwelling populations of blind cavefish Astyanax mexicanus, compared to non-cave living populations, both exhibit robust circadian cycling of the per1 gene, but the cave-dwelling blind cavefish show elevated levels of light-induced genes (e.g., per2; Beale et al., 2013) . The understanding of differences in regulation of basal gene expression, as a result of adaptation to an environment niche, may enhance our understanding of chronobiology. Compared to mammals in which the suprachiasmatic nucleus (SCN) serves as a master oscillation regulator, fish appear to utilize a photoreceptive pineal gland as the autonomous clock to drive melatonin synthesis and circadian rhythm (Bailes and Lucas, 2010) . Additionally, fish have been shown to possess oscillation centers in peripheral organs (i.e., "peripheral clocks") that may be directly entrained by light exposure (Vallone et al., 2004; Whitmore et al., 2000) . These attributes make fish attractive models to study circadian gene regulation and light-induced genetic effects.
Xiphophorus represent a tractable vertebrate model that has recently been employed to investigate the molecular genetic responses to exposure from varied light sources and select light wavebands Chang et al., 2015; Lu et al., 2015; Walter et al., 2014; Walter et al., 2015; Yang et al., 2014; Boswell et al., 2017a; Boswell et al., 2017b) . Genome sequence and assembly for several Xiphophorus species indicates they possess compact genomes retaining remarkable syntenic conservation with mammalian genomes (Amores et al., 2014; Schartl et al., 2013; Shen et al., 2016) . Previous studies employing gene expression profiling of Xiphophorus skin reported that ultraviolet light effects the transcription of genes associated with apoptosis, cell cycle, circadian rhythm, fatty acid/lipid biosynthesis, wound healing, and cell differentiation Lu et al., 2015; Yang et al., 2014) . In contrast, exposure to 4,100 K ("cool white") fluorescent light (FL) was shown to incite a genetic response in Xiphophorus skin involving transcriptional suppression of gene sets (<130 genes) associated with cell cycle progression, chromosome segregation, DNA repair and recombination, as well as expected induction of circadian genes . Our previous reports showing light induced changes in transcriptional profiles were performed at a single time point (i.e., 7 am) in the normal diurnal or circadian cycle. However, due to oscillating expression patterns, light responsive genes are expected to be in different homeostatic activity states over the circadian cycle, perhaps affecting light induced gene expression. To better understand this experimental parameter, we sought to define basal gene expression patterns inherent to genetic homeostasis through the circadian cycle.
Herein, we assessed basal gene expression levels of previously identified light-responsive genes, to determine if they would exhibit oscillating gene expression patterns. We report gene expression patterns for a selected gene set in Xiphophorus skin, brain and liver over a 24-hour period. The three target organs represent external (skin), and internal (brain and liver) organs that play central roles in behavior, physiology, and metabolism. We designed a custom NanoString nCounter panel that contains 65 previously identified light-responsive genes, 60 reference circadian genes, and 10 housekeeping genes as internal controls to measure basal gene expression. Additionally, as tumors are known to have disrupted circadian cycle, for future studies involved with melanoma etiology, we have also assessed diurnal gene expression patterns of 65 genes that known to be associated with the Xiphophorus melanoma development.
Materials and Methods

Fish Utilized and RNA Isolation
Xiphophorus maculatus Jp 163 A in the 105 th inbred generation were provided by the Xiphophorus Genetic Stock Center (http://www.xiphophorus.txstate.edu/). Mature male and female (age > 9 months) X. maculatus were maintained in separate 38-liter aquaria filled with filtered aquifer water from San Marcos, TX on a 14 hr light/10 hr dark cycle under 10,000 K FL (Coralife T8 Lamp 10,000 K, 32 W). All fish utilized, including 24 males and 12 females were combined in the same aquaria two weeks prior to the experiment. Fish were fed a supplement of liver paste at precisely 8 a.m. and brine shrimp at 3 p.m. during this period. For all analyses presented herein, 8 a.m. corresponds to Circadian Time (Ct) 0 hr. Two male X. maculatus were dissected for skin and brain at each circadian time point (Ct 0, 3, 6, 9, 12, 15, 18, and 21 hr) and for liver at Ct 3, 9, 15 and 21 hr. Two female fish were dissected for skin at Ct 0, 6, 12 and 18 hr; and liver at Ct 0, 6, 12 and 18 hr. At dissection, fish were anesthetized in an ice bath and upon loss of gill movement were sacrificed by cranial resection. Skin tissue were dissected directly into TRI Reagent (Sigma Inc., St. Louis, MO, USA), and flash frozen in a dry ice-ethanol bath for immediate RNA isolation, brain and liver tissues were dissected into RNAlater (Ambion Inc.) and maintained at −80°C for later use. All fish were maintained and samples taken in accordance with approved protocols (IACUC# 2015107711).
Total RNA was isolated as previously detailed . Briefly, samples were homogenized in TRI Reagent (Sigma Inc., St. Louis, MO, USA) followed by addition of 200 µL/mL chloroform, vigorously shaken, and subjected to centrifugation at 12,000 × g for 5 min at 4°C. Total RNA was further purified using an RNeasy mini RNA isolation kit (Qiagen, Valencia, CA, USA). Column DNase digestion was performed at 25°C for 15 min to remove residual DNA. Total RNA concentration was determined using a Qubit 2.0 fluorometer (Life Technologies, Grand Island, NY, USA), and RNA quality was verified on an Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA) to confirm RIN scores were above 8.0 prior to NanoString analysis of gene expression.
Gene expression analysis by Nanostring nCounter
A 200-gene capture and reporter probe set was custom designed to represent the selected Xiphophorus genes. Of these 200 gene targets, 65 were designed to assess gene targets we have previously shown to transcriptionally respond to FL exposure (4,100 K or 10,000 K), ultraviolet B (UVB, 311 nm), or various 50 nm wavebands between 300-600 nm Chang et al., 2015; Lu et al., 2015; Walter et al., 2014; Walter et al., 2015; Yang et al., 2014) . These light responsive genes were identified by comparing post light exposure gene expression profiles to unexposed controls as previously detailed (see: Boswell et al., 2015; Chang et al., 2015; Lu et al., 2015; Walter et al., 2015; Yang et al., 2014) . This 200gene target NanoString nCounter panel also contained 60 Xiphophorus homologs of genes reported in the literature to be circadian regulators or circadian responsive genes ( Supplement Table 1 ). Additionally, 65 probes were selected and designed to assess expression of genes that are associated with spontaneous melanoma that has been documented among select Xiphophorus interspecies hybrids (Supplement Table 1 ).
Differentially expressed genes between melanoma tumors and normal skin samples were identified by comparing RNA-Seq derived gene expression profiles of 16 melanoma tumors isolated from X. hellerii × (X. maculatus × X. hellerii) interspecies hybrids. Tumor and normal skin samples were taken from the same tumor-bearing fish (Log 2 FC≥ 1 or ≤ −1, FDR < 0.05). Ten genes that are not light responsive, nor differentially expressed between melanoma tumors and normal skin, and do not show circadian gene expression patterns were selected to serve as housekeeping genes to provide internal controls. Design and production of the nCounter probes, was performed by the Nanostring bioinformatics group (Nanostring, Seattle, WA). Transcript sequences corresponding to each gene target were downloaded from Ensembl database by Biomart, and used as templates to design probes. Each probe is 100 nt long, with a melting temperature between 73 and 91°C and will not form secondary structures inhibiting the assay. Probes were tested in silico to avoid cross hybridization to other loci.
NanoString hybridization of RNA samples with the target panel was initiated by mixing 500 ng of RNA (100 ng/µL) with the custom designed capture and reporter probe set. Samples were incubated for 12 hrs at 65°C and then processed the NanoString Prep Station (NanoString Technologies, Seattle, WA, USA) and subsequent nCounter analysis to determine gene expression. Built-in positive control probes were used to control the binding efficiency of each sample as read counts generated by these probes are independent of the RNA samples. A scaling factor is calculated based on the mean value of positive control probe generated read counts. Samples with the scaling factor between 0.3 to 3 are qualified for further analyses. Subsequently, the scaled read counts were normalized to the geometrical mean of the housekeeping genes to normalize potentially different total RNA input. Finally, background signal noise was determined by the read counts of negative control probes and was removed from normalized read counts (Geiss et al., 2008; Malkov et al., 2009; Brumbaugh et al., 2011) .
Identification of oscillating gene expression patterns
NanoString nCounter gene expression counts were utilized to calculate the relative expression of each target gene for each time point. Herein, relative expression = (Average gene expression counts of biological replicate of each time point) / (Average expression counts of all time points). To identify genes exhibiting oscillating circadian expression patterns, a RAIN algorithm was applied to skin, brain and liver gene expression profiles (Thaben and Westermark, 2014) where a p-value < 0.05 was applied to identify genes showing oscillating expression patterns over a 24 hr period. Heatmaps, dot plots and line plots were used to represent basal gene expression patterns over a diurnal cycle. All plots were created using R plot function as well as heatmap.2 function of R package gplots.
Results
Identification of genes exhibiting diurnal oscillation of expression in Xiphophorus skin, brain and liver
The basal expression patterns over a 24 hr period of 200 genes, including 65 genes previously identified as light-responsive, 65 genes associated with melanomagenesis, 60 genes selected based on circadian expression reported in other animal models, and 10 housekeeping genes, were assessed using the NanoString nCounter platform (Supplement Table 1 ). In this study, we aimed to identify genes exhibiting circadian expression patterns throughout the 24 hr period. Housekeeping genes, as expected, did not exhibit oscillating expression patterns (p-value > 0.05). In contrast, 22 genes in skin, 36 genes in brain and 28 genes in liver, were identified as exhibiting basal oscillation of their expression patterns over the 24 hr period ( Fig. 1 ; p-value < 0.05). Thirteen genes (bmal1, per1, per2, cry1, cry2, clocka, clockb, nr1d1, nr1d2, nr1d4, bhlhe40, sybu, mgst1) were identified as showing basal oscillating expression patterns in all 3 organs analyzed ( Fig. 1 , group IV). In addition to these 13 genes, we also identified 2 genes that were shared in skin and brain ( Fig. 1 , group V), 1 gene shared in skin and liver ( Fig. 1 , group VI), and 4 genes shared in brain and liver ( Fig. 1 , group VII) that exhibit diurnal cycling of basal expression.
Organ specific genes (i.e., genes with p-value < 0.05 in one tissue) showing oscillation of expression for each of the 3 organs were also identified in skin (6 genes; Fig. 1 , group I), brain (17 genes; Fig. 1 , group II) and liver (10 genes; Fig. 1 , group III).
Thirty-two of the previously identified light responsive genes showed oscillating circadian expression patterns in Xiphophorus skin, brain or liver ( Fig. 1 ; p-value < 0.05), while 33 of 65 light-responsive genes incorporated into the NanoString panel did not exhibit oscillation of expression ( Fig. 2b , Table 1 ; Supplement Table 1 ; p-value > 0.05). These light responsive genes were selected for the NanoString panel based on treatment of fish with 10 kJ/m 2 of 4,100 K FL, 10,000 K FL, or 8 and 16 kJ/m 2 of UVB (311 nm). The 33 light responsive genes that did not exhibit oscillating expression patterns may represent a new and interesting class of genes regulated outside the normal light/dark circadian cycle.
Our previous studies have reported differences between male and female skin in the gene expression patterns after light exposures (i.e., UVB and fluorescent light, Boswell et al., 2015; 2017b) . Therefore, we compared basal gene expression over the diurnal cycle for Xiphophorus in skin from both females and males. Only one light responsive gene, asic1, exhibited a circadian oscillating expression pattern in male skin, and did not also show an oscillating gene expression pattern in female skin (Supplement Fig. 2a ).
Expression patterns of genes showing diurnal oscillation of transcription in Xiphophorus skin, brain and liver
We compared basal oscillation of gene expression patterns between different organs to determine peak expression times, and thus organ specific circadian phasing of gene expression, relative to one another. Oscillating genes shared by two organs (Fig. 1 , group V, VI, VII) all showed consistent peak expression at the same circadian time (Fig. 2) . In contrast, 4 oscillating genes shared by all three organs (Fig. 1 , group IV) showed retardation of peak expression in at least one organ ( Fig. 2; Fig. 3 ). For example, nr1d2 showed peak expression at the dark-light transition (Ct 0 and Ct 21 hr) in skin and brain, but peak expression at Ct 6 hr in liver (Fig. 3a) . A similar gene expression pattern shift is also observed for bhlhe40 ( Fig. 3b ). Circadian times for peak gene expression of sybu are Ct 0, Ct 3 and Ct 21 hr, respectively in skin, brain and liver (Fig. 3c ). The mgst1 gene exhibits peak expression at Ct 12 and Ct 9 hr in skin and brain, with peak expression at Ct 18 hr in liver (Fig. 3d) .
Xiphophorus melanoma associated genes exhibiting oscillating expression patterns
The Xiphophorus melanoma model is a well-established experimental system wherein melanoma develops in progeny produced from an interspecies backcross: [X. hellerii × (X. maculatus × X. hellerii); For review, see Schartl and Walter, 2016] . To determine whether genes associated with melanomagenesis exhibit oscillating expression patterns, we assessed the expression of 65 Xiphophorus melanoma related genes in skin. Nine of the 65 genes represented in the NanoString panel were observed to exhibit oscillation of expression consistent with circadian regulation (Fig. 4) . The DNA repair gene gadd45b, and cell growth and differentiation related genes, rps6ka2, both show peak expression at the dark-light transition phase (Ct 0 hr). Transcription factor wt1, melanocyte differentiation marker kit, fatty acid synthase fasn, and cAMP synthase adcy2, show peak expression in the light phase (Ct 3-9 hr). Microenvironment related gene thbs1 and development related gene wnt5a exhibit peak expression at the light-dark transition phase (Ct 12 hr). Insulin growth factor igf1 is the only melanoma related gene to show peak expression in the dark phase of diurnal cycle (Ct 21 hr; Fig. 4 ). Compared to males, the female fish exhibited the same expression pattern for 8 of these genes, but showed an absence of expression oscillation for thbs1 in skin (Supplement Fig. 2 ). Lu et al. Page 6 Comp Biochem Physiol C Toxicol Pharmacol. Author manuscript; available in PMC 2019 June 01.
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Discussion
Organisms possess an endogenous biological clock that dynamically interacts with environmental cues to temporally control biological processes in response to the light-dark cycle (Mohawk et al., 2012; Takahashi et al., 2008) . Disruption of the normal gene expression patterns is associated with several physiological disorders and can predispose animals to disease (Coogan and McGowan, 2017; Panda, 2016; Zhang et al., 2016) . The relatively recent and ever-increasing use of artificial light (i.e., fluorescent light) and extension of light period has made understanding the effects exposure to various light types may have on gene expression in vertebrates an area of interest. Artificial lighting has been reported to affect several physiological activities (Blask, 2009; Blask et al., 2005; Cajochen et al., 2005; Koo et al., 2016; Lewy et al., 1980; Lucassen et al., 2016; Ohayon and Milesi, 2016; Romeo et al., 2017; Schwimmer et al., 2014; Stevens et al., 2013) , and one biological parameter associated with this is established as interference with the normal circadian cycle (Stevens et al., 2013) . Our previous studies identified transcriptional responses 6 hrs after exposure to FL (10 kJ/m 2 ), UVB (8 kJ/m 2 ), or 50 nm wavebands of light between 300 to 600 nm Chang et al., 2015; Lu et al., 2015; Walter et al., 2015; Yang et al., 2014) . These results suggest each light source may incite very different genetic responses, and thereby alter the genetic homeostasis. However, the circadian position of basal gene expression was not investigated as a potential parameter effecting light driven transcriptional responses. To better understand light-induced gene expression effects, we performed NanoString analyses of 200 light responsive, circadian, and tumor associated gene targets over a 24 hr period in Xiphophorus skin, brain and liver.
The identification of well-known circadian master regulators clocka, clockb, bmal1 (arntl), cry1, cry2, per1, per2, nr1d1, nr1d2, nr1d4, bhlhe40 in skin, brain and liver ( Fig. 1; Fig. 2) shows expression patterns for core circadian regulators are similar in Xiphophorus fish compared to other vertebrates. Additionally, the identification of genes in skin, brain and liver that exhibit organ-specific oscillating expression patterns suggests circadian gene expression is hallmarked by organ-specificity as previously reported (Kita et al., 2002; Korencic et al., 2014; Panda et al., 2002b; Reppert and Weaver, 2002; Storch et al., 2002; Ueda et al., 2002) .
Global transcriptome analyses are required to comprehensively delineate basal gene expression patterns; however, our use of a custom NanoString panel focused on previously identified light responsive gene targets allowed us to segregate genes into transcriptional response sets as either light responsive and exhibiting circadian expression (i.e., 32 genes in this study; Fig. 1 ), or light responsive without diurnal oscillating transcription (i.e., 33 genes, Table 1 ). We believe identification of genes that are light responsive, yet non-circadian influenced, represent a novel class of genes with currently unknown regulatory mechanism(s). Many of these light-responsive, non-circadian oscillating genes encode kinases (i.e., camk2a, map2k1, plk1, prkca, prkcb) that are known to play fundamental roles in regulating cell proliferation, cell cycle regulation, and/or have been suggested to be regulated by circadian cycle. Similarly, other cell cycle regulators (ccnb1, ccnb2, ccnb3, cdc20, creb5, lpin1, plcb1) also showed transcriptional light responsiveness, but nonoscillating expression patterns (Fig. 2b, Table 1 ; Bieler et al., 2014; Feillet et al., 2014; Feillet et al., 2015; Grechez-Cassiau et al., 2008; Shostak, 2017) . These results, collectively, suggest the genetic response to light, outside the light phase of diurnal cycle, may shift the genetic homeostasis of these genes and affect their function in circadian regulation at posttranscriptional/translational level (e.g., phosphorylation; Cao et al., 2015; Reischl and Kramer, 2011; Robles et al., 2017) . In future studies, identification of light-responsive but non-circadian influenced genetic regulatory elements may provide useful tools for development of facile expression vectors.
The presence of basal oscillating expression patterns in the light responsive genes suggest that light exposure at different times of the day may lead to different downstream genetic effects. For example, the master cell cycle regulator cdkn1a has been shown to possess a concentration-dependent effect on induction of apoptosis versus initiation of DNA repair via cell cycle arrest (Chen et al., 2015; Esteve-Puig et al., 2014; Hall et al., 2014; Hollmann et al., 2016; Karimian et al., 2016) . The cdkn1a gene showed both basal oscillation of gene expression with peak expression at Ct 18 hr, and also shows a UVB response . These features suggest UVB exposure at different times of the day may lead to different cdkn1a activated cell fate (DNA repair vs. apoptosis; Fig. 2 ).
In this study, gene expression assessments were performed on 3 hr intervals. This period defines assessment of peak expression to ± 3 hrs from a peak expression time. With this caveat in mind, we were still able to identify four genes showing shifted peak expression (retardation) of at least 6 hrs in one of the three organs (Fig. 3) . Although skin and brain showed consistent expression patterns, liver exhibited uncoupled expression patterns for nr1d2, bhlhe40, sybu and mgst1. Both nr1d2 and bhlhe40 are transcriptional products of the BMAL/CLOCK transcription factor, and also serve as repressors of BMAL/CLOCK transcriptional activity (Honma et al., 2002; Solt et al., 2011) . However, unlike the reported use of restricted feeding to uncouple circadian gene expression in peripheral organs (e.g., liver), whereupon expression patterns in all circadian genes are shifted together, we note a shift only in nr1d2 and bhlhe40 expression with no coincident shift of expression of the other core circadian regulators (e.g., bmal1, per1, per2, cry1, cry2, clocka and clockb; (Damiola et al., 2000; Le Minh et al., 2001) . Therefore, the differences in expression patterns of nr1d2, bhlhe40, sybu and mgst1 in liver may be a result of different regulatory mechanisms than circadian uncoupling. In other fish models (e.g., zebrafish) peripheral clocks have been shown to be directly light entrainable, suggesting differences in peak oscillating gene expression within different organs may be due to organ specific photoreception as a regulator of gene expression (Whitmore et al., 2000) . Recent studies have identified novel opsins expressed within internal organs and these may serve as peripheral photoreceptors to establish organ-specific light-entrainable expression patterns (Bellingham et al., 2006; Cavallari et al., 2011; Moutsaki et al., 2003; Peirson et al., 2009; Pierce et al., 2008) . Interestingly, we identified one light responsive opsin gene, opn1sw, that exhibits a basal oscillating expression pattern in Xiphophorus liver, and may be involved in the liver-specific expression patterns. Further work will be required to test this idea.
Comparison of basal gene expression patterns in female and male skin identified one gene, asic1 (acid-sensing ion channel 1), that exhibits gender specific patterns of expression ( Supplement Fig. 2) . This gene has also been identified to exhibit sex-specific expression Lu et al. Page 8 Comp Biochem Physiol C Toxicol Pharmacol. Author manuscript; available in PMC 2019 June 01.
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Author Manuscript patterns in mice (Kobayashi et al., 2009) , and has been shown to affect light-dependent locomotion in zebrafish (Liu et al., 2014) . Taken together, we may speculate that asic1 plays a role in differentiation of the basal gene expression in males and females.
Xiphophorus melanoma tumors share both phenotypic and genetic features with human melanoma, making this model appropriate for research into cancer etiology . Cancer cells show dysregulated circadian gene expression patterns, and are capable of changing the normal circadian gene expression patterns of other organs (Masri et al., 2016 ). Here we found 9 genes that play significant roles (i.e., DNA repair genes, kinases, metabolism enzymes, microenvironment regulators, cell development and differentiation regulators) in melanomagenesis and also exhibit basal oscillating expression patterns (Fig.  4) . One may expect from these observations that disruption of the normal circadian phasing may lead to dysregulation of oncogene and tumor suppressor expression and interaction (For review : Eismann et al., 2010; Fu and Lee, 2003; Sahar and Sassone-Corsi, 2007; Shostak, 2017) . Interestingly, we also found thbs1, a microenvironment regulator, did not exhibit oscillating gene expression in females. Considering males have been shown to be more susceptible to melanoma than females, this difference may be associated with differences in regulation of cell-cell and cell-microenvironment interactions in the sexes (Supplement Fig. 2; Fernandez and Bowser, 2010; Schartl et al., 1995) .
Conclusions
We conclude that a central regulatory network governing oscillating gene expression exist in Xiphophorus as other studied vertebrate animals. Further, we have distinguished previously identified light responsive genes in Xiphophorus into genes that do, or do not, exhibit circadian based oscillating expression patterns. Categorization of light responsive genes further delineates light-induced genetic effects and highlights a new direction for future research.
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Figure 1. Basal oscillation of gene expression over 24-hour light-dark cycle in Xiphophorus skin, brain and liver
Genes exhibiting basal oscillating expression patterns over a 24 hr diurnal cycle were identified using the RAIN algorithm (p<0.05). Among the light responsive and reference circadian gene targets on the NanoString panel, 22 genes were identified in skin, 36 genes were identified in brain and 28 genes were identified in liver that showed circadian oscillation. Genes exhibiting oscillating expression patterns identified from different organs were compared to each other. Organ specific oscillating genes and shared oscillating genes among the three organs are categorized into seven groups. Group I, II and III represent genes that were uniquely identified from skin, brain and liver. Group IV represent genes that are shared by all three organs, and Group V, VI and VII represent genes that are shared by two of the three organs. A NanoString nCounter panel was designed to capture gene expression
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